Centella asiatica (L.) Urban (Apiaceae) is an important medicinal herb that is used in both traditional pharmacopoeia and modern medicine. Asiaticoside is one of the principal compounds commercially used as a wound-healing agent, owing primarily to its anti-infl ammatory effects. Madecassol and Blastoestimulina are the most notable pharmaceutical products derived from this plant ( Randriamampionona et al., 2007 ) . Centella asiatica is a perennial, herbaceous creeper, mainly found in tropical and subtropical countries. Madagascar is the world ' s top C. asiatica producer, and the species is second only to Madagascar periwinkle ( Catharanthus roseus ) as a medicinal plant export ( P é chard et al., 2005 ) . Chemical, medicinal, and pharmacological studies have been conducted to better understand the medicinal properties of pentacyclic triterpenoids from C. asiatica ( Pittella et al., 2009 ) ; however, little is known about its biology and genetics. This plant has been reported to be diploid with 2 n = 2 x =18, but some older controversial studies questioned either the number of chromosomes, the presence of B chromosomes, or ploidy level ( Das and Mallick, 1991 ) . Sequence data are restricted to some expressed sequence tags, mRNA, and PCR-amplifi ed gene fragments, which have been used for phylogenetic analysis of the Apiaceae ( Downie et al., 2000 ) . In this paper, we report the development and characterization of microsatellite markers for C. asiatica that can be used for taxonomic, diversity, and phylogenetic studies of this species.
METHODS AND RESULTS
An accession from Vohimana (Appendix 1), in eastern Madagascar, was used to construct a microsatellite-enriched library following the protocol described by Billotte et al. (1999) . Ten micrograms of genomic DNA were digested with Rsa I endonuclease and ligated to RSA21 and RSA25 adapters. Ten nanograms of ligated DNA were amplifi ed with RSA21 primer and purifi ed. The PCR products were submitted to a hybridization-based capture with 5 ′ biotine-labeled microsatellite oligoprobes I5(GA) 8 and I5(GT) 8 using streptavidine-coated magnetic beads (Promega, Madison,Wisconsin, USA). The eluted fraction was PCR amplifi ed with RSA21 primer, cloned into pGEM-T Easy vector (Promega), and then transformed into DH10BT1R Escherichia coli strain (Invitrogen, Carlsbad, California, USA). Inserts from white colonies were PCR amplifi ed, separated onto 1.2% agarose gel, transferred onto Hybond-N+ nylon membranes (GE Healthcare, Fairfi eld, Connecticut, USA), and hybridized at 56 ° C with [ γ 32P] ATP 5 ′ end-labeled (GA) 15 and (GT) 15 probes.
Among 768 clones of the microsatellite-enriched genomic library of C. asiatica , 560 contained simple sequence repeat (SSR) markers, giving an enrichment rate of 73%. Ninety-six of these clones were selected based on the strength of hybridization signal and sequenced using a 96-capillary 3730xl DNA analyzer (Applied Biosystems, Foster City, California, USA) at GATC Biotech Company (Konstanz, Germany). We analyzed the sequences and designed primer 1 Manuscript received 6 September 2011; revision accepted 2 January 2012. pairs with the dedicated pipeline SAT ( Dereeper et al., 2007 ) , using default parameters proposed for enriched libraries. We obtained 76 singletons and four clusters with more than two sequences. Thirty-seven sequences (46.25%) contained compound dinucleotide motifs (i.e., combination of AG, GT, and AT motifs), 32 sequences (40%) harbored simple dinucleotide repetitions, and 11 sequences (13.75%) harbored compound complex di-, tri-, tetra-, hexa-, and pentanucleotide motifs . Primer pairs were designed for 30 SSR markers. All gave amplifi cation products on the reference plant DNA and also on DNA extracted from the putative closely related species C. unifl ora . Only 20 SSR markers were repeatable and easy to score, and were conserved for further polymorphism study.
To assess microsatellite polymorphism, DNA from 17 accessions was used: 16 C. asiatica accessions collected in Madagascar and one accession from India (see Appendix 1 for precise locations). Characteristics of the 20 SSR markers are shown in Table 1 . PCR amplifi cations were performed in a fi nal volume of 10 µ L containing 25 ng of DNA as template, following the PCR protocol of Oblessuc et al. (2009) and resolved on an ABI3500xl DNA sequencer (Applied Biosystems). Seventeen markers were polymorphic and subsequently analyzed; the remaining three were monomorphic. A total of 73 alleles were produced at the 17 polymorphic loci, with an average of 4.3 alleles per locus. Four SSR markers (mCaCIR004, mCaCIR009, mCaCIR019, mCaCIR024) showed low polymorphism with two alleles per locus, and the rest were polymorphic with more than four alleles per locus ( 
CONCLUSIONS
The values obtained for H o and H e correspond to SSR loci with a medium level of polymorphism. Discrepancy between H o and H e could be explained by null alleles, inbreeding, or by the small sample size. Similarly, the signifi cant linkage disequilibrium reported here might reflect either significant genetic differentiation among populations of C. asiatica or strong genetic linkage between markers. Nevertheless, taking into account the small size of the sample, more data are required to confi rm the cause of linkage disequilibrium, and new insight into the biology of C. asiatica is needed to clarify T ABLE 2. Genetic data for 17 accessions of Centella asiatica using the polymorphic microsatellite markers developed in this study . ploidy and reproductive biology, before these SSR markers can be used for population genetic studies. Despite these potential limitations, a wide range of plant genetic studies can now be envisaged, such as diversity studies and pedigree analyses. Genetic mapping, which requires a higher number of markers, is now possible based on this microsatellite-enriched library of C. asiatica , which potentially contains hundreds of SSRs. Finally, the cross-species amplifi cation observed here will allow phylogenetic analyses and clarify taxonomic status within Centella . 
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